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1	Introduction
[bookmark: _GoBack]TDD configurations for NR can be defined in multiple ways (see R2-1804772 for detailed explanations on how the TDD configurations work in NR), with a lot of flexibility being allowed by the specification. As with all new radio technologies, there must be proper co-existence between the systems to ensure no spectrum leakage occurs. With EN-DC, single uplink operation may be needed in some cases, especially if intra-band operation is utilized (since it may require certain assumptions on co-existence between the LTE and NR uplink), as discussed in R1-1807281. In this contribution, we discuss the issues of the common TDD configuration concerning the LTE/NR co-existence. 
2	TDD configuration periodicity and LTE/NR co-existence
LTE allows 7 TDD UL/DL configurations, which are typically cell-specific, as shown in below excerpt from TS36.211, table 4.2-2.
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Table 1. LTE TDD UL/DL configurations
Similarly, the cell-specific TDD configurations in NR can be depicted according to the below figure (taken from R2-1804772):
[image: ]
Figure 1. Cell-specific configuration of dynamic TDD in NR
As can be immediately seen, the UL/DL configurations 0, 1, 2 and 6 utilize 5ms periodicity, while the configurations 3-5 utilize 10ms periodicity. The different periodicities were because of various reasons, including compatibility with legacy systems, and are utilized differently in reality. In case NR and LTE are deployed in an intra-band manner, which may require that uplink transmissions are coordinate to ensure cross-link interference is avoided,  both systems should utilize compatible TDD configurations. Therefore, it could happen that the LTE system is utilizing 5ms configuration and NR should ensure there are no co-existence issues. To ensure this, NR (being the new system) should adapt to the LTE system configuration. This same issue was also discussed in 
Observation 1: To ensure co-existence between LTE and NR systems, NR needs to be able to adapt to any existing LTE TDD configuration.
Looking at the periodicities of NR configurations, we notice an issue: While it is possible to create a “5ms” TDD configuration using 2*2.5 ms configuration, this is not compatible with the LTE TDD configurations since in LTE, the special subframe always occurs only once (at the SF#1 position) subframes #3 and #4 can be either UL or DL. Since the NR configuration only has “DL+FL+UL” symbols, it is not possible to create the required “DL+FL+UL+DL” that LTE TDD configurations 1 and 2 would require. This means that the NR cell-specific configuration is not flexible enough for LTE TDD co-existence.
Observation 2: The cell-specific TDD configuration in NR is NOT compatible with LTE TDD configurations 1 and 2.
For a concrete example, we consider a similar case as already disucssed in R1-1807281, shown in Figure 2  below: LTE and NR are deployed in intra-band case with LTE utilizing FC2 TDD configuration.
		Slot#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	LTE 5 ms period
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	NR 5 ms period
	D
	
	
	
	
	D
	
	
	
	

	NR 3 ms + 2 ms period
	D
	
	U
	D
	D
	D
	
	U
	D
	D





Figure 2. LTE and NR TDD configurations, intra-band deployment
As the Figure 2 shows, one simple solution to the identified periodicity problem would be to introduce a 3ms periodicity for the TDD pattern. This would allow the first 3ms TDD pattern consist of the (LTE-compatible) “DSU” subframe structure, and the second 2ms TDD pattern could then have the “UU”, “UD” or “DD” subframe pattern depending on the LTE TDD configuration (each of these is already allowed by the existing NR TDD pattern configuration options).
Proposal 1: Add 3ms as TDD configuration periodicity to the common TDD configuration broadcast in SIB1 to allow co-existence with 5ms LTE TDD configurations.
To do this, the periodicity needs to be added to the ASN.1 structure. As per normal rules (see discussion in R2-1810037), it seems this should be done in a backward-compatible way. To do this, we illustrate the current ASN.1 for the cell-specific TDD configuration (which consists of 1 or 2 TDD patterns, each of which has the same structure) as shown below:
	TDD-UL-DL-Pattern ::= 				SEQUENCE {
	dl-UL-TransmissionPeriodicity		ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
	nrofDownlinkSlots					INTEGER (0..maxNrofSlots),
	nrofDownlinkSymbols					INTEGER (0..maxNrofSymbols-1),
	nrofUplinkSlots						INTEGER (0..maxNrofSlots),
	nrofUplinkSymbols					INTEGER (0..maxNrofSymbols-1),
	...
}


Table 2. TDD pattern configuration in NR RRC
Since the structure is extendible via ellipsis, an extension addition group can be created with a non-critical extension to field dl-UL-TransmissionPeriodicity. Additionally, the field description then needs to be amended to note that UE shall ignore the original version of the field if the extended version is present. How to do these are shown below.
TDD-UL-DL-Pattern ::= 				SEQUENCE {
	dl-UL-TransmissionPeriodicity		ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
	nrofDownlinkSlots					INTEGER (0..maxNrofSlots),
	nrofDownlinkSymbols					INTEGER (0..maxNrofSymbols-1),
	nrofUplinkSlots						INTEGER (0..maxNrofSlots),
	nrofUplinkSymbols					INTEGER (0..maxNrofSymbols-1),
	...,
[bookmark: _Hlk517768591]	[[ 	dl-UL-TransmissionPeriodicity-v15xy		ENUMERATED {ms3}		OPTIONAL – Need R
	]]
}

	dl-UL-TransmissionPeriodicity
Periodicity of the DL-UL pattern, see 38.211, section FFS_Section. If the dl-UL-TransmissionPeriodicity-v15xy is signalled, UE shall ignore the dl-UL-TransmissionPeriodicity (without suffix).



A CR illustrating these changes can also be found in R2-1810041.
Proposal 2: Add the 3ms TDD configuration in backward-compatible way as shown in R2-1810041.
Finally, since the TDD co-existence is a fundamental concept, we think it would make sense to have this configuration as a mandatory capability for all UEs to avoid co-existence issues. 
Proposal 3: The support of 3ms TDD configuration shall be mandatory for all Rel-15 UEs.
3	Conclusions
We have discussed the TDD configuration periodicity with LTE/NR co-existence in intra-band deployments  in mind, and observed the following: 
Observation 1: To ensure co-existence between LTE and NR systems, NR needs to be able to adapt to any existing LTE TDD configuration.
Observation 2: The cell-specific TDD configuration in NR is NOT compatible with LTE TDD configurations 1 and 2.
Based on these, we have proposed the following:
Proposal 1: Add 3ms as TDD configuration periodicity to the common TDD configuration broadcast in SIB1 to allow co-existence with 5ms LTE TDD configurations.
Proposal 2: Add the 3ms TDD configuration in backward-compatible way as shown in R2-1810041.
Proposal 3: The support of 3ms TDD configuration shall be mandatory for all Rel-15 UEs.
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